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ABSIBACr 

A total of 132 volunteer 10th a. nfl 11th gradt students 
pa rticipaiiefl in an ^Kperiawt to Inir^stlgate tire v^aiiablis of 
computer* tased aaaptive instriac tlona 1 itrategifes for concept 
learning* Ihe first variable t^st^d the hypothesis that seiection of 
nuiber of' ^Katnpleg accordiftg to on-task infcrmation is more fifficitn^ 
than seliction acaording to pr#-task Infornaatlon ci pre- task plus 
on-task ImCormation^ Data analystB shewed that ths ori*taik 
infottaation conaitlon netdefl significantly less Instructional tiine 
and jCwer instrue* ional txattplis than either of th f othir two 
conditional The saoond variable eontrasted responsf-'Sensitive 
etratigy with a rtsponai- iniensit Ive strategy to determine th^ 
presentation ord^r of examples within rational sets* Results showad 
that students; in the respons€*isniitl^t gr^^F ^ot only performed 
better but alBo needed less on-task l^arnin| ti m an4 fever examples 
than th« rt spone%-inssn siti ve group. (luthor/CKV) 
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Adaptiva Dealgu Strattglts for Seleeting 
Nimbar and Prisimtatloti Order of Bcamplea 
in Coordinate ConGept Acquiiicton 

Abscraac 

TWO var^ablee of computer-tased adapcive Instruetional acratagies 
for concept learning ware investigated* The flrit variable tested 
Che hypothesis that selection of oumber of examples aQcordiag to on- 
cask Infowiatlott la mors BlflclemC than selsation according to 
pretaik iafonBation or pretaak plus on-^caik InfoimtiQu. Data 
analysis showed that for high school studenci, the on- task Infor- 
mation condition needed slgtilf icancly lesi Instructional time 
<£ < *00S) and fewer iflstruatlonal tKamples (£ < .001) than either 
of the other two conditiona. The second variable eoncrasted a 
rssponse-setislclve strategy with a response--inaensltlve strategy 
to determine the presencatton order off eKamples within rational 
sets, Eesulcs showed that students In the responie-seiiiitlve group 
not only performed better < *005) but also needed less on-task 
learning time (^^ < .05) and fewer examples (£ < ,001) than the 
response- insensitive group. 
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Adapttve Deaiga Scratagies £ov Selecting 
NMber aad Preaentation Order of Exaaploa 
in Coordinate Concept Leariiing 

RasearchMs hava found that mmi^ ieamlng needs fluctuata in two 1^. 
poptant «ay8 during Inawuctlon. First, differe«c abilities nay be rtqulred 
at different ttages of a given task (Dunham^ Guilford, & Hoepfner, 1968. 
Fltlstaaa, 1967; FUl.ho,^ & Ba«l*«, 1969). Sswnd, abilities may thtmaelves 
change aa .cedent? cotjftinue to work on a glv«n task (Buss, 1973; CornbaUls, 
1965; Ferguson, 1965; Guilford. 1967). To account for these two factors In 
the learning envlratMent, Bunderaon and Dunham la their assessment of apti- 
tude X Interaction interaction variables (Note l) recoMended that Instruc- 
tional deaign atraceglea Include i (a) procedures £ot designing the single 
■ beat treatment, and (b) procedures for adjusting the best treatment, ^hen 
necessary, while the student Is In the process of learning. 

Fellowlng this recommendation, Tennyson and Rothen (1977) Investigated an 
adaptive Inscrucclonal atrategy (Rothen & Tennyson, 1978) which used both pre- 
taak and on-cask dlagnoattc data co select Che appropriate number of escamples 
In^ concept-learning task. Results showed that an adaptive instructional 
stracegy that uses both pretask and on-tasfc Information for selecting number 
of Instances is better then either a pretflsk-only strategy or a slngle-bett- 
treataent strategy. In their study, as well as in other research on adaptive 
Inacructlon (see Tennyson & Park, in press, for a complete review), it was 
assumed that the learner's on-task learning level reflected his or her updated 
ability on a parclcular unit of a given cask - an ablllcy determined in part 
by prior knowledge (as measured by a pretest) and related aptitudes. However. 
In an Instructional circumstance in which appropriate on-task information can 
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be adequately obtained and assessed ~ as In computer-based instruction - the 
value of pretask data for diagnDStlc informatioti should be reevaluated, 
especially in terms of learning efficiency (Holland, 1977)* 

Itt a review of aptitude X Interaction interaction studios ^ Tobiaa (Note 2) 
found that where both prstapk and on-^task data was collected (e^g., O'Neill 
Heinrich, Hanson^ 1973; O^Neil, Spialbergar, & Hansen, 1969; Tennyioii & 
Boutwell, 1973), variables measured prior to a learning taek'^ere fouad to be 
not as effective in prtdicting student performance as measurements taken during 
the task. Our purpose in this study was to extend the Tennyson and Rothen 

(1977) study by directly testing the effect of pretaak measures against on^ 
task measures in predicting student learning needs for a specific learning 
criterion. We proposed to test this effect by uglng tw dependent measurea: 
time tfiqulred for learning and Miount of instruccion* Since the learning task 
would use the Bayesian adaptive strategy developed by Rothen and Tennyson 

(1978) , which requires students to remain on task untlL they meet a given 
tna-stety criterion, performance (pQSttest scores) would ba held as a constant* 
The hypothesis was as follows^ An Instructionai treatment prescribed 
accordiog to on^task inforaatlon alone is more efficient (in terms of l^^arning 
tijse ajid amount of instruction) than that prescribed according to pretask iti^ 
formation or pretask plus on^task Information* 

Associated with the number of examples that a scudent needs to learn a 
concapc is the presentation order of exmiples. In a recent study, lanny^ 
son, Tennyson^ and Rothen (in press), tested three patterns for sequencing 
examples of coordinate concepts* The results of their study showed chat con^ 
cept learning is mora effective when concept examples are presented according 
to their coordinate relationships than either successively or in clusters* 
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E:<arnples in Che besc ' tteaMeilc, termed glmultaneous (see Tennyson & 
C. Tennysoa, 1975), were grouped in tha foilowing way* within rational sets, 
eKataples had matched variable attributes and different critical attributes | 
between rational aets^ faKamples had divergent variable atcributes. Wlthiii 
rational sets^ examples were also presenced randomly ™ that is^ no accempt 
was mads to adjust the presentation order of the exampleap Thus^ studencs con'^ 
tlnued to reoeive rational sets (number of eKamples) until they reached the 
mastery criterion (see Tennyson & Rothenj 1977). 

A second purpose o£ our study was to Investigate tha presentation order 
of ajcamples within rational sets* Our assufflptlon was that within a rational 
set of samples J a classification error for one example of a given concept 
(undergetierallEatioa) is an overgenerali^ation error for another concept in 
the set* lurthermore^ since the learning of one concept comtributes to the 
leartiing of other coordinate concepts (Tennyson & Park, in press) ^ the correct 
claasiUcation of one concept example increases the possibility of correctly 
claasifyltig other concept examples. Following the recoBanendations of Atkinson 
(1972) and Tennyspn (1973) that preaentatlpn order of Instructional stJ^uli 
/be decided according to the student's response pattern during learning, a 
response-^genslcive strategy was proposed for selecting the presentation of ex^ 
amples* Operationally ^ the responi%^sensltive strategy Is a rule which 
evaluates a student's on^task responses to detemlne what discrimination be»- 
havior he or she should learn first. That is, if the student's classification 
behavior for a given coordinate concept within a rational set is correct^ any 
othet concept within the rational sec can be presented next* However, if the 
student's classification behavior is incorrect, discrimination learning between 
the two confused cQncepts would be facilitated by next presenting the concept 
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for which Che overgeneralization error was made. For example, if. the scudent 
classified comipt A as concept B, concept B would be presented nsKt. If the 
instruction were to continue without facilitating discrimination between the 
two concepts, the ensuing confusion would interfere with not only the learning 
of the tvo concepts but also with the learning of other coordinate concepts. 
In other ^^ords, since the learning of coordinate concepts occurs simaltaneoualy, 
the leariilng of one concept contributes to the learning of all others (C, Tenny- 
son et al, , in press). The response-sensitive strategy thus differs from the 
sequencing prQceduras used In previous concept learning research (e*g,, 
Klausmeier & Feldman, 19751 Sanders, DlVesta, & Gray, 1972; Stolurow, 1975; 
Tennyson & Rothen, 1977) in that the succeeding example Is presented In reference 
to the classification of the response rather than to a predetermined (response- 
Insensitive) sequence of instances. To test this Independent variable of pre- 
sentation order, we contrasted the responaa-sensltlve procedure with the 
responae- insensitive procedure and hypothesized that the former proc^ure 
would be both more effective (posttest perf omance) ' and efficient (time on task) 
in student leariilng than the latter. 

Method 

S tudeiits_ arid _pggigg 

Participants (N ^ 132) were lOch and 11th grade male and female volunteers 
froin a Minnesota high school enrolled in social study classes. From a random 
iiat of the siM treatment conditions, students were assigned one treatment 
condition as they appeared for the eKperimsnt. The stadants understood that 
they could discontinue participation without prejudice at any time during the 
experiment. A two-way experimental design ims used with muitivariate analysis 
of variance. The first factor ^ information » had three levels f pretask (number 
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of examples detemined by precesc perf airtnaiice) , on^task (number of ejcatnples" 
dfetarraimd by laarning task petf armance) * and, precask plus on-task (number of 
e^camples determined by pretest performance and updated learning task perform 
manci). The second factor, presentation order, had two levels i response-' 
sensitive Cselecclon of examples within rational sets by a rule using as 
data individual student response patterns) and response-insensitive (sequence 
of examples i^rithln rational sets predecerained by ^perimentar a random 
order). Dependent variables were the correct posttest scores, learning task 
time J cotal program time (preteat ttoe plus learning task time), number of 
task e^camples, and total number of program axamples (preteat ^examples plus 

i 

task samples)* 
Learning Program 

The coordinate concepts selected for this study drawn from the field of 
psychology and developed by C* Tennyson ^ E* Tinnyson, and Rothen (in press) ~ 
were positive r elnf orceiaeti t ? neg ative reinforcement ^ positive punlshaent^ and 
negative punishment . Subordinate concepts consiited of stijau lus ^ ayayslve 
stimulus y and attractive s tlmulus ; and a superordlnata concept dealt with the 
conieqyences of behavior resulting from the stimulus. An assumption of the 
coordinate concept structute is that when several concepts of a content taxonomy 
are taught concurrently, the nonaxamples of any one concept are the examples of 
other concepts of the taKonomy (Kiausmeierj 1976; Merrill & Tennyson, 1977). 
This allows the defining critical attributes o£ the taxonomy to be standardized 
and the variable attributes to be manipulated in both examples and nonexainples 
in such a way as to focus on the critical attributes ™ which include such 
factors as degree of instance difficulty^ relative importance of the variable 
attributes^ and cause and effect relationships (Klausmeier et al, , 1974; 
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Klausmeier, 1976^ C. rennyson ec al., in press), Tharefore^ to establish the 
critical attributes of the four psychological coricepts and Co place the defini- 
tions in an algorictolc framework, we presented the three subordinate concept 
deflnitior^ prior to the definition of the coordinate coticepts* 

Of 88 eKamplfis in the learning program, 40 were used in the instructional 
lessoni^ 24 in the pretest, and 24 in the posttest. Si3< examples of each con-^ 
cept were given for each test (Woolley & Tennyson, 1972)* Tlia instructional 
instance pool contained 10 instances of each concept. Thus, at maKlmum, a 
student could receive 64 instances before taking the posttest. Since each mn- 
ample contained two lines, all of the instances were parallel in length and 
arrangement. Each treatment group employed the same instance pool* The 
learning program retained the same tesponse format as the two tests, except 
that in the learning program the student received feedback on whether or not 
the entered response was correct. The learning program was validated and re- 
vised according to a formative evaluation procedure for instructional materials 
(Tennyson^ 1976), 
Bay es Ian Probability Model 

To study the first variable — infomatlon used in detemining number o£ 
eKamples — we applied a computeriaed Bayesian statistical model developed by 
Rothen and Tennyson (1978). This model determines the number of instances which 
each student receives from three parameter values: achievement level, a 
mastery criterion (.7), and loss ratio CI- 5) ~ which is defined as the dis- 
utilities associated with a false advance compared to a false retain decision* 
The estimate of the student's ability to learn a concept was Gharacterized in 
probabilistic terms- The probability calculated from the initial achleVMent 
level and the other two parameter values was used to decide the initial number 



9 



Adaptive 
S 

of instances that the scudent needed. The inicial achievemenc level vas de- 
Cerinined according to Che pretest score, or, If the student did not receive the 
pretest^ the score of the first six Instructional items of the on-task learning 
program. This pfobability figure was adjusted according to the student's on-- 
cask perfomanee level, and the prescribed number of instances was modified ™ 
unless the students were in the condition for which the number of Instances 
was prescribed according to the pretask information only- Student performance 
on each concept was calculated separately with a criterion level set at 1,0 on 
the initial assessment. That is, if the student answered all six instances of 
any concept correctly on the pretest or the Inicial part of the learning pro- 
gramj he or she received no more eKamples of that concept. In the response- 
sensitive treatment^ however J the student received more eKamples of the coticept 
even after reaching the criterion if theae were needed for dlacrtolnating 
coordinate concepts. 

If Che student did not achieve total mastery on the Initial assessment, 
the criterion level was adjusted to suggest a prior distribution slightly 
greater than *5 to the region above the criterion level i P ^ (tt > ir /x^n) > .5 
(where Tf^ is thm objective's criterion levels ^ is the student's true achieve^ 
ment level, n Is test length, and ^ is the student^s score). Complete 
descriptions of the Bayesian adaptive model are presented in Rothen and Tenny-- 
son (1978) and Tennyson and Rothen (1977), 
Treatme nt Programs 

The two Independent variables of information (three conditions^ pretask 
inforraation, on^task Information, and pretask plus on^task Information) and 
presentation order (two conditions* response-sensitive and response-insensitive) 
were tested with a two-way factorial design and six treatments, Pretask 
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infotTnatioTt' was dacermined from the prates t score according to the Bayesian 
probability modal, and the pretest score was translated into a probability 
showing prior Echievemenc level. From the probability of the prior achieve- 
ment level, the nacgssary number of examplee was selected. 

On-task Inf oiiEiatlon was taken from the performance level duriag the In- 
struction. Because performance level was continuously evaluated with each 
response, the updated probability of tnastery level during instruction was pro- 
vided by continuous prior and posterior probability distribution of Bayes's - 
theorem. The necessary number of exMples was selected initially from the on-- 
task performance level on the first si^ items per concept. The inlttally 
selected number of eKamples was continuously modified according to the up-- 
dated performMce level until either the performance level reached the cri- 
terion level or all eKamples in the pool were presented. 

The thltd condition ~ pretask plus on=-task information was provided 
from both the pretest score and on-task performance level. After the necessary 
number of e:3camples ^^as initially selected by the pretest score, it was con- 
tinuously modified by the on^task performance level. Modification of the selected 
number of eKamples was continued until either the performance level reached 
the criterion level or all eKamples in the pool were presented* 

The selected nmnber of examples was presented In rational sets con-- 
sisting of one example from each concepc* Within a rational set, as stated, 
the representative examples had matched variable attributes and different 
critical attributes; between sets, the examples had divergent variable attri*- 
butes , 

The second independent variable studied was presentation order of exarnples 
within the rational sets. The response-sensitive strategy decermined this 
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preseiitacion drder according to Che student's rasponse pattern to the given ex- 
ample* For inscance, If the student correctly classified an example of con^ 
cept A, the next eKample was randomly selected from other Goncepcs within the 
rational set which had not yet been presented • However » if the student 
classified the concept A eKafflple as concept C, an eKaniple of concept C followed 
immediately thereafter^ If the student clasaifled the concept C eKaniple as 
belonging to concept B " of \^hlch an example within Che ratfonal set had not 
been presented ™ an example of concept B followed Inmediately thereafter* 
However^ if the concept B example within the rational set had already been pre-- 
sented, the student waa given the concept B eKample again with the following 
.message: "You needn't answer this question because you have itudled It before.'* 
Then an eKaniple of another concept within the set was presented* 

Because the response-^sfinsitiva strategy attempted to assist discrtainatlon 
of concepts 5 the aKiniples of the concept were presented again whenever they 
were needed for dlscrlBiinatlon learning between that concept and the others 
even after a student's perfoi^ance level for a concept reached the criterion 
level* For examples if a student classified an eKample of concept B as belonging 
to concept A which had been judged to have already been mastered — the mx^ 
ample of concept A was presented again to facilitate the discrimination learning 
between concepts B and 4, AlthQugh the student incorrectly classified the en^ 
ample of the concept presented for discrimination learning after the mastery 
decision for that concept had been made, the mastery decision was not reassessed. 

The response-^lnsensitive strategy presented eKamples randomly within 
rational sets (C. Tennyson^ R* Tennyson, & Rothen, in press)* IJhen a student's 
performance level reached the criterion level for any given concept, examples 
of that particular concept were dropped from succeeding rational sets* The 
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six computer-based instructiQnal treatment programs developad frora thi aboTe 
described conditions were aa follows i 

Program 1. The nmnber □£ examples in this treatment was gelected fton 
thi pretest acore only (pretaslc InfoOTatiQn), The presentadion order of tSie 
selected number of eKamples was respoMe--sensltive within the rational sit^. 

Progrm 2. The number of examples was selectad according to itudant 
task performance lavel (on-task information). The presentation order o£ t^e 
eKamples within a rational set wag response-sensitive. 

Program 3. After the number of escamples was initially selected from cha ■ 
. pretest score^ it was adjusted according to on-taek performance level (precast 
plus on-task information). The pTesentatlon order was responae-senaitl^i* 
'Program 4. The necessary nunbtr of examples per concept was ielectid 
from the pretest score of each concept (pretask InforTOation) . The eKaTOle& 
within a rational set were presenced using the respoiise-'inaengitiv'e eaitflttoii^ ; 

Program The necessary number of eKamplei was selected fron oa-tasfc 
perforiuaftce level (on-task inf oraatlon) . The presentation order of the 
amples within the rational sets was response--insengltlve. 

Program 6, After the necesaary number of exaiQplei was selected fioci tJe 
pretest score , it was adjusted according to the on-^task perfornianGe level 
(pretask plus on-task information). The response^ Insensitive procedure was 
used» 

Facilities 

The eKperment was conducted In the social studies teachers' conference 
room at Minnetonka Senior High School, Hopkins, Minaesota. Three TeKas 
Instrument teletype computer temlnals (700 series) were used for the mtuiy^ 
Each terainal, operating at 30 characters per second, was on-line by telephone 
^ to the University of Minnesota's Coiitrol Data 6400 Computer. 

ERIC 13 
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sti4d©nts teported for the experlaierit ^ chay were each assigned to a 
Cireatascit prograi fimin a random list of sik treatments. The eKpairinaentar 
cuirned on Che te^ainal and entered each student's treatttient prograjn number, 
Aftar r^QeivLcg directions on operating the tarainals students were adminls-* 
taxrid pretept. Students in the on--task iaformatlon groups (Programi 2 and 
S)^ w-lno had not taken the pretest, reca±\red a SO^ltm syllogism teat (Prenchj 
Ekstroi^ & Leigh^n., 1963) • When the pretest (or syllogism test) was finished, 
students wera iadtvidiially directed to raise their haods to get a print copy of 
the four c^na^pt def tuitions from the experimenter | they were able to refer to 
theae delirmition^ diiring tha learning programi After studying the definitions, 
studerits agaiii raised their hands to indicate readiness to study the e^eamples 
in the l^amiiig progran^ The experimenter etitered the appropriate command on 
the Cemina.1 for ettiderita to begin the lasriitng program* The numbar of ex- 
Mple^ p*es enced in the leaf nlng program varLtd depending upon the treatment 
program to ^h±ch each student was assigned, ifter a student classified an 
e^atfipLe in th^ learaiisg prograra^ he or she Teceived feedback on whether the 
c lasslit^atdori w^i correct or incorrect* WTieB each student was finished with 
tie laarxiing pfograms Che eKperimenter took the definition sheet and entered 
tli^ apjr^prdat^ comoand on the terminal for tie posttest to begin. All stu- 
dcac eait^te^ ^ers slnsle--letter alphanumeric responses to inultipla-cholce 
styled quisCiona^ The two tests and the Lear^iing prograni required no other 
emtrie^ by -^hs studenti- When Sinlshed, students were thanked by the e^peri- 
mencerg Xefc the experiment room^ and others ^^ere signed on to the terminal. 

Resuilts 

TEia daca amiysls consisted of a multivariate analysis of variance with 
uraivariate Cssta «n each dependent variable followed By -^jsan comparison tests 

14 
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CScudent-Newman-Keuls). Depeadenc variables included the correct score on the 
pretesc^ task time (the measured time period in i^hlch students liiteraated with 
the learning task, excluding pretest or posttest times) , total progr^ time 
(this measure included the tssk time and the time required for the pretest), 
number of task ^mples (the nuater o£ examples presented to the students in 
the Learning task), and the total number of program exanplea (the number of 
eKaBiplas required in the learnliig task plus pretest items)* For clarity, dis- 
cussion of the independent variable of preientatton order (response-sensitive 
and r€aponse--lnsensitlve) witl be given first, fallpi.^ed by diacussion of the 
inforaatlon variable (pretask Inforaatlon, on-task InfoCTiatlon^ and pretask 
plus oa-task inforaatlon)* 

for the multivariate te^t, we used as dependent variables posttest seore 
and total program time. The ©ain effect of praaeiitatioa order ^bb significant , 
UCl, 1/2^ 130) ^ .84s £ < *001, The test on the iacpad main effect^ information^ 
was likewise slgnifiaant^ U(2, 0, 129) ^ .36, £ < .001. The Interaatlom test 
bep^ien the mo independent variables was nonslgndf icant > .05), Following 
are the univariate test regultB on each of the dtpendent variables. 
pQsfctaat Correc^t Score 

rhe analysis of variance test on the posttest correct score (Tabla 1) showed 
a diffarenca between the two presentation orders, F(l, 126) ^ 10*53, £ < .001. 
Students in the response-iensttive condition (M ^ 19* 0) had a posttest score of 
two paints higher than itudents in the response- Iniensltlire condition (M ^ 16. 6) • 
For the main effect of inforTflatiotii the P test tionsignif icant at the .05 
lev^el. The Student-Netraari-Keula multiple range test used to compare post- 
test correct mean score differences between the Bt% treatment groups* At the 
•05 lively Group 3 (pretask plus on-'task inf onnatton/rssponse-sensitive) had a 
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higher pes tt est score chan Che ocber five groups » whilt Group 4 (pretest 

Informatio^/reaponse- insensitive) and Group 6 (ptetask plus on»task 

inforfflation/responi^lnsensitive) had significantly lower posctest scores than 

2 

the other groups* The X test was used to determine differences between the 
six treacmeiit programs in the niuaber of students who reached mastery criterion 
(*7) Da cha post test. The difference was significant X^CS) ^ 13.37, £ < ,05, 
indicatltig thit isore students reached mastery in the response-sensitive condi-- 
tlon than in tha response-- insensitive conditionp The pretest correct mean - 
score ^ ttst was noiiaigiiif icant > ,05)* 

Insert Table 1 about here 

Time 

The average time spent on the pretest and poittest ws the same (M = 8,7 mlii. ). 
There ware no elgniflcant differences between groups for the pretest time or 
the posttast time <£ > ,05). Task tMe was different fo^ the two preaaatation 
order conditlQM, FCi; 126) ^ S.34, £ < .05 (resporise^seoiltiva, M ^ 12.2 mis,; 
response-lnaensltive^ M ^ 14.1 mln.) (Table 2). Hwever^ on total program tiaa, 
ineludliig pretest time with task time, there was no difference bew^een the tt/o 
conditions (£ > ,05), 

Insert Table 2 about here 

The univariate test on the information main effect for task time was 
significant, P(2, 126) ^ 23,4, .£ < .001 (Table 2), A contrast test between the 
three conditions, on-'task information (M ^ 17*1) versus pretask Information 
(M 12,0) and pretask plus on- task inforaation (M - 10,5), resulted In a dif- 
ference, 126) ^ 15*07, £ < .001 1 the contrast test between the pretaik 
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informacion and pret^ask plus on- task IrifQrmation conditions was nonsignlf icarit 
(£ > .05). 

The F test on the three inforfflation conditions for total program time was 
sl|nlf leant, 1(2^ 126) ^ 4.52^ £ < ,05, Two contrast tests were conducted to 
coopare total program times Firsts the on^task informatioii condltloii 
CM ^ 17.1) was contrasted with the pretask information condition (M ^ 20,7) 
and pretask plus on-task Inforaation condition (M - 19.2); results showed that the 
on^tsik inforination condition used less total prograin time, F(lj 125) ^ 12.67, 
£ < *005* The second contrast test between the two latter conditions t?as 
nonsignificant > ,05)* A Student^Newnan-^Keuls test on the aiK group means 
for total program timm showed that Group 2 (on--task information/responaa-- 
aenaltive) spant leas tJ^e totally than the other five groups. The two pre- 
task Infoonation groups (Group 1, response^^eusitive and Group 4^ responie-- 
insansitive) averaged mora total program tiB& than Groups 2 , 3j and 5 < ,05), 
Croap 6 (pretask pluB on-'taak Inforfflatlon/reiponse-lniensltlva) differed only 
with Group 2 Con-^task Inf ormatlDn/response^stnsitiTe) , 
Wugber of EKamg^eg 

The mean and scandard deviations for number of eKTOplsa recjuired by stu--* 
dents for the learning task and learning task plus pretest are given in Table 2, 
The analysis of varianoe test on numbtr of task examples for cha presentation 
order main affeet was nonsignificant: (^ > ,05), However ^ on total nimbtr of 
program eKamples^ the test showed a difference between the respons^stnsitlve 
condlcion (M = 36,7) and the responae'^lnseniitive condition (M - 39*7)^ 
F(l» 126) - 12,38, 2. ^ •001* For the second main affect, information, the 
univariate test on a number of task examples showed a difference between the 
three condition means^ F(2, 126) ^ 5^.39^ £ ^ .001. The contrast tests showed 
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that Che students iti the on-cask infomacion condlcion (M = 29.8) neadad more 
exaaples during che learning task than studeat In elthar the pretaak Informa-- 
tian (M - 19,3) and pretask plus on-task tniomation conditions (M ^ 17.S)» 
F(li 126) ^ 81»59| £ < .001. The difference hetween the two former conditions 
on the eeeond contrast test w-ae nonsignllicant > .05). Total number of pro- 
gram examples as a daptndent variable showed (univariate test^ 1(2^ 126) ^ 99*95 
< *00l), in the contrast ttst, that the on-task Information condition (M ^ 29 J 
had fawar examples than the pretask information (M ^ 43,3) and pretask plus - 
on^task inforraatlon (U^ 44,5) conditions, The findings here are consistent 
with the time data. That is, students in the on'-taak information condition 
needed an average of 11.4 mtm eKamplps on the learning task than thoae in 
either the pretaak inforaation or pretask plus on- task information eondltlons. 
However j the total number of examples — including pretest and learning task — 
needed for the on-task inforaatlon condition mm 12.6 less than the other two 
information conditional The S tudent-NeTOan-Keuls iQultlple range test (at .05 
level) for the total nmber of progrmi examples showed that the mean number for 
Group 2 (on^task inf ormation/response-ieniitive) was significantly lotfer than 
the other five groups ^hile the mean number of Group 4 (pretask information/ 
reaponsa-insensitive) was significantly higher than the other five groupa, and 
the mean nymher of Group 5 (on-'Cask/response^insensitlve) was significantly 
higher than that of Group 2 but lower than the other four groups. 

Discuiaion 

Our first hypothesis — testing the InforTOtion variable — was concerned 
with progrM learning efficiency rather than performance outcomes. EesuLts of 
this experiment confirmed our thesis. Pirsti for boch time (task time and 
total progrM time) and number of eKamplea (number of task eKamples and total 
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aumber of program examples), the on-^task information condition ^as slgnifi- 
cantlj^ better than the other two cotiditlons; second, "since all conditions used 
tha BEyMlan adaptive strategy, only one group failed fco reach the mastery 
crlterton of *7 (and that at 67 percent). Thus, perfomance was basically 
the SMa for the three infonaacion conditions. 

Following procedures developed by Tobias (1976) and others (Fraae, 1970; 
Hartley, 1973; Hartley & Davis, 1976; Rothkopf, 1970), w% included the pretest 
data, time, and numbet of ^xMLple^ part of the learning program's depatident 
variables. That is, the pretest s'sema to serve as an alerting function by in-' 
'creasing itudent sensitivity to a learning situation; it ©ay alert them to 
lasuea, problems, or events that they may not have ordinarily noticed* The 
results showed that ths protest does influence learning task time (by de- 
creasing it) and number of task eKamples (again, by decreasing it); overall,, 
hcrwever, the total time spend by the student Is Iticreaeed significantly (along 
with total Instructional st^i^ull needed) without Iffprov^mnt in posttest per- 
formance. This finding IS' cpnalstent with the earlier Tennyson and Rothen 
(1977) study in which the pogttest pirformance of ^t^dents who received mare 
eKamples was lower than that of students who reeelved fewer examples, Tenny- 
son and Rothen's interpretation of that finding was that the students who re-^ 
ceived taore examples lost interest in the learning task^ with corresponding 
dicreaae in performance. Both this study and-Tehnyson and Rothen (1977) c:on- 
tradlct studies which indicate that repetition Inareasee the level of learning 
(a^g*, Ausubel, RobbinSj & Blake, 1957; Ausubel, Strager* & Gaite, 1968} 
Lumadalne, Seller, & Kopstein* 1961)* According to these studies, as the 
number of eKamples is Increased i Che level of learning increases corres- 
pondingly. These earlier research efforts, however, looked at students aa a 
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group rather than as Individuals. What thm findings here uetm to indicate is 
that oti-task information is more aceurate tlian pretask inforaation in pre-» 
dieting the number of eKamples needed by sttidants to reach fiiasterys and the 
isiatructional treatment prescribed by on«-task information is also more 
efficient in cotal time required by the students than either the pretask in- 
formation or pretask plus on-- task information procedures* 

In the study of the second independent variable^ presentation order, we 
hypotheai^ed that tht responsa— sensitive procediire would be more effective 
than the response^ insensitive procedure because the latter presentation order 
focused the sttideat's attention directly on the different critical attributes 
betwaau concepts according to the priority of the student's learning needs 
(especially discrtoination learning). Because generalisation learning and 
discrimination learning occur simiJ.taneously (^ausmeier^ 1976; Markles 
Note 2), and learning of oi^e concept contributes to learning of other related 
concepts (Markiei Note 2; Tennyson et al* , in presi)^ it was expected that 
discrtolnation learning between concepts by the response-sensitive presentation 
order facilitated not only generalization learning within concepts but also 
discriffllnatlon learning between all the coordinate concepts In the set* Stu- 
dents in tha response-seasltive group w^re not only significantly better on 
posttest parformance, they also finished the learning program with fewer eK- 
amples and in less time than the response- Insensitive group* Of students in 
the reipQnse-senaitive group, 83 percent obtained the mastery criterion level 
(.70), Vhlle 64 perceM of the students In the response--insensitive group 
obtained criterion. The prior expectation of mastery on which the Bayesian 
prior ptobability distribution was made was that 70 percent of students would reach 
the critarion level* In the response-^lnsensitlve groups once the student reached the 
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criterion level for any concept, the axamples of that concept were no longer 
presented — even though he or she needed to discriminate between that concept 
and Che others. This procedure failed to present soae necessary examples for 
dlscrlmlnatton learnlni, and it resulted In a lower performance level on the 
posttest. In the response-sensitive group, however, a concept was presented 
again whenever it was needed, ^ even after the student reached the criterion 
level. As a result of this flexible ptesancatlon procedure, a higher percen- 
tage of Studetits in the resnons^-ftprisi' Hifa crm,i-n t-ka^ — 

insensitive group reached the mastery level. Additionally, the standard devia- 
tions of posttest scores showed less disparity among students for the 
responae-sensitive group (SD ^ 2.7) than for the rasponse-ins6nsitl%'e group 
CSD ^ 4.0). Theoretically, the response-senaicive strategy would require more 
exafflples than the response- insensitive strategy because examples were presented 
for discrimination learning even after the nastery decision for the concepc 
had been nad«. However, students In the responae-sensitlve group needed 
significantly fewer examples to learn the see of coordinate concepts and showed 
significantly higher posttest perfornanca than students in the response- 
insensitive group. This result demonscraced the effectiveness of the response- 
sensitive itracegy. 

Because the response-aensitive strategy determined presentation order 
of the exaaiples according to the priority of individual student's need to 
discriminate between two particular concepts, the presented examples con- 
tribuced mora to learning especially to discrimination learning than examples 
which failed to consider the priority of the student's learning needs. 

Implications of this study, when taken in reference to our prevloua work 
(e.g., Tennyson & Rothen, 1977| C. Tennyson, K. Tennyson, & Rothen, in press) 
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art ag follows i (b.) on- task information seems to provide the best data for 
adjusting instruction to Individual needs — moreso than pretask Infotmatlon 
(e.g., aptitude X treatment interaction variables); (b) use of the pretest as 
part of the initructional program does not eeea efficient — in fact^ It may 
Increaae total time and thui contribute to student dissatisfaction (boredom) 
with the learning task; (c) the inatructional principle that increased ex- 
amples may increase learning may be questioned; since the ntmber of ^^mples 
is primarily an individual need^ simply increaalng ascampias may actually 
decrease parformance; and (d) a response-sensitive strategy in reference to 
error pattern will improve performance , deer ease learning time, and reduce the 
amount of ins taction necessary. 



4- 4 



Adaptive 

Note References 

Bunderson^ C, V. ^ & Dunham, j, X,* Researc h proyra^ on co gnitive abilities 
and leagnlng. Final Report, Advanced Research Projects Agency, 
Contract No. 0014-A-016-0006, Auatla, Texas, University of Texas, 1970, 
Tobias, S, Interaction between achlevenent and initructlonal method . 
Paper presented at the annual meeting of the American Educational Research 
Asgoclation, Toronto, Canada, Starch, 1978* 

I'iarkle, S* M, Teaching concaptua l netwrks , Paper presented at conven-- 
tion of the Associatlom for Educational CoTmunicatioM and Technology, 
Miaml^ April, 1977. 



Adaptive 

22 

References 

Atkinaon^ R* C* Ingredients for a theory of instruction, Aaeylcan gsycholo- 

gist, October, 1972, 27, gai-^gai, 
Ausubelj D* P., Robbinss L, C. , & Blake, Retroactive inhibition and 

facllitsclon in the learning of acbool aateriali. Journal of Educational 

PsychQloRy , 1957, UB, 334-343. 
Ausubel, P., Stager^ M, , & Gait, A, J. Retroactive facilitation in 

meatiingful verbal learning. Jo ur a al o t Ed uc^t; i o rial P s y^ho 1 u g y , 1958, 

59, 250^255, 

BuiSj A* Learning, transfer, and changei in ability factors i A multi- 
variate model. PaycholQglaal Bu lletin, 1973, 8^, 106-112. 

Cornballis, M, Practice and th# aljipieK. PsychQ logical Review , 1955^ 
72, 399*406. 

Dunham, J. L* , Guilford, J, P, ^ fii Hoepner, R, MultivariatB approaches to 
discovering the intellectual components of concept learning, Paycho-- 
logical Review, 1968, 75, 206-221. 

Ferguaon, A. Human abilities, Ajmual ReyjLew^of Piyc hology , 1965, 16, 
39^62. 

Fleiahnian, E* A. Individual differences in motor learning. In R. M. Gagne 

(Ed*)s Learnin g and individual dlfferenca^. Col^bua, Ohioi C. E, 

Merrill Booka, 1967. 
Fleiahraan, A, ^ ^ Bartlett, C, Human abilities, Mnual Review of Psy^ 

chology, 1969, 20, 349-^380* 
Frase, L, Boundary conditions for mathaEaagenic behaviors, Reviev of 

Educational Research , 1970, 40, 337-348, 



2i 



A.dap tive 
23 

French, J. W. , Ekstron, R, B. , & Leighton, A. P. ^fanual for kit of referanr^ 
tescs for cognitive factors. Princeton, N. J. ; Educational Testing 
Service, 1963. 

Guilford, J.. P. The Kaeure of human InCeUlgenca. New York: McGraw-Hill, 
1967. 

Hartley, J. The effect of pre-tegting on post-test perfomance. Ins true- 

tlonal SclencB . 1973, 2, 193-214. , 
Harcley, J., 5, Davis, I. K. Pre-instructlonal scrategies: The role of pre-= ' 
tests, behavioral objectives, overviews, and advance organizers. Review 
of Educational Research . 1976, 46, 239-265. 
Holland, J. p. Variables In adaptive decisions in Individualized Instruc- 
tion. Educational Psychologist , 1977, 12, 146-161. 
Klauameier, H. J. Instructional design and^ the teaching of concepts. In 
J. R. Levin & V. L. Allen (Eds.), Cognlfciva learning in children . 
Mew York: Academic Press, 1976. 
Klausmeier, H. J., & Peldman, K. V. Effects of a definition and a varying 
number of eKaniples and nonexamples on concapt attainment. Journal of 
Educational Psycholog y. 1975, 67, 174-178. 
iaausmeler, H. J., Ghatala, E. S. , & Frayer, D. A. Conceptual learainej^ 
development: A coan ltlve view . Net* York and London: Academic Press, 
1974. 

Lunsdalne, A. A., Sulzer, R. L, , & Kopsteln, F. F. The effect of attlmation 
cues and repetition of examples on learning from an instructional film. 
In A. A. lufflsdalne (Ed.), Student response in progra nmed Instruction , 
Washington, D.C. ; National Acadeaiy of Science— ffational Research 
Council, 1961. 



25 



Adapt tva 
■ . 24 

Merrill, M, D,, & Tennyion, Teaching Conceptsi An instructionai desig n 

_gulde. Englewood Cliffs ^ New Jersey; EducatioMl Technology, 1977. 

O'Neil, H. F, , Jr, , Helnrich, D. , & Hansen, D, Effect of anKiety, response 
mode, and program length on achlev^eat. Journal of Ed ucational f sveholoffy, 
1973, 310--324. 

O^Nell, H. , Jr., Splelbergar, C. D,, & Hanien, D. M, The effects of state^ 
anKlety arid task difficulty on computer-cassis ted Ittitru^tion, Journal of 
Educational Psychology, 1959^ 343-^350, 
Rothen, W-^ & Tensions R, D, Application of Bayes's theory in desigiiing 
computer-baaed adaptive instructional strategies* Educational Psy- 
chologlgt, 1978, 12, 317-323. 
Rothkopfi E. Z- The concept of mathmagenic behaviors, Eeylew of Educational 

Research, 1970, 40, 325-336. . , . 

Sandara, N. , DiVeata, J,^ a Gray, G. S. Effects of concept instance 

sequence as a functioti of stage of learning and learner strategy. Journal 
of Educational Piyeholo^y, 1972, J3, 235-241. 
Stolurowy K. A, C, Objtclcve rules of sequencing applied to instructional 

materials. Journal of Educational Psychology ^ 1975, 67, 909-^912* 
Tennyson, C. L. , TennysQn, D., ^ Rothen, W. Content atructure and smnage- 
ment stratigy as dealgn variables in concept acquisition. Journal of 
Educational Psychology^ in ptess* 
Tennyson, R. D* Adaptive instructional model for concept acquisition- 

Educationa l Technology, 1975, 15(4), 7-15. 
Tennyson, E. D, The role of evaluation in iuStructlonal development, 
gducatlonal Te chnology, 1976, 15, 17-24, 



Adaptive 
25 

Tennyson, R. D,, & Boutwell, R. C. Pre-task versus withln-task anxiety 
measures in predicting performance on a concept acquisition task. 
Journal of EducatlQnal PaycholQgy > 1973, 65^, 88-92. 

Tennyson, R, D. , & Park, 0. The teaching of concepts: A review of instruc- 
tional design research literature. Review of Educational Research , 
in press. 

Tennyson, R. D. , & Park, 0. The technology of adaptive instruction. Review 

of Educational Research , In press. 
Tennyson, R. D. , & Rothen, W. Prataak and on-^task adaptive design strategies 

for salecting number of instances In concept acquisition. Journal of 

Educational PsychQlogy , 1977, J4, 586-592. 
Tennyson, R, D. , & Tennyson, C. L, Rule acquisition design strategy variables: 

Degree of instance divergence, sequence, and Instance analysis. Journal 

of Educational Psychology , 1975, 67^, 852-859. 
Woolley, F. R. , ^ Tennyson, R. D, Conceptual model of classification behavior. 

Educational TechnolQ^y , 1972, 12^(4), 37-39. 



Table 1 



Adapcive 
26 



Preaentation 
Order 



Means and Standard Deviations 
for Posttest Correct Scores 



Pretask 



Information 



On-Taak 



Pratask/On-Task 



Reaponafr- 
sensitive 

M 

SD 



18.0 
3.5 



18.7 
2.5 



20.2 

i.a 



Reaponse- 
insensltive 

M 

SD 



16.0 
4.6 



17.0 

3.6 



16.9 
3.6 



Note ! Maxlmua posttest score = 24. 
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Table 2 

Mean and Standard Deviatians 
for Amount of Time and Number of Examples 



Information 



Pretaak On-Taak Pretask/On'-Task 

Task Total Task Total Task Total 



Amount of Time (Mln. ) 



Response 
sensitive 

M 11,4 20,4 15,9 15.9 9.4 18,5 

JS 3,9 5.4 6.4 6.4 1.9 4.4 

Response 
inaenaltive 

M 12.6 20,9 18,2 18.2 11,5 19.8 

SD 3.3 4.6 5,7 5.7 4.9 5,7 



Number of Examples 



Response^ 
sensitive 

M 17,6 41,6 27,8 27,8 16,7 40.7 

SD 4,8 4.8 3.2 3,2 2,2 2.2 

Response^ 
insensitive 

M 21.0 45.0 31.7 31.7 18,3 42.3 

SD 5.1 5,1 4,6 4,6 7,1 7.1 



Note I The on-^task infonnation condition did not receive the pretest; thus^ 
means and standard deviations for task and total are the same. 



